Introduction
============

Inhibitor of growth family 5 (ING5) is a member of the ING protein family and functions as a type-II tumor suppressor gene. Human ING5 is mapped to chromosome 2q37.3 and encodes a 28-kDa protein with 240 amino acids ([@b1-ol-0-0-9581]). As indicated in [Fig. 1](#f1-ol-0-0-9581){ref-type="fig"}, ING5 protein consists of a number of domains, including leucine zipper like (LZL), novel conserved region (NCR), nuclear localization signal (NLS) and plant homeodomain (PHD). Among them, the LZL domain is important in DNA repair, apoptotic induction and chromatin remodeling, whereas the NCR domain can bind to histone acetyl transferase (HAT) complexes during chromatin remodeling and the regulation of gene expression ([@b2-ol-0-0-9581],[@b3-ol-0-0-9581]). ING5 interacts with histone H3K4me3 and is involved in the formation of HAT complexes (ING5-histone acetyltransferase KAT7-JADE and ING5-monocytic leukemia zinc finger protein-MOZ-related factor-bromodomain-PHD finger protein ([@b1-ol-0-0-9581],[@b2-ol-0-0-9581]).

ING5 protein is able to bind to mini-chromosome maintenance proteins, which is important for DNA replication via the formation of a pre-replicative complex ([@b3-ol-0-0-9581]). ING5 was reported to activate the cyclin-dependent kinase inhibitor p21/cyclin dependent kinase inhibitor 1A promoter to induce its expression, promote the acetylation of p53 at Lys-382 residues and interact with the p300 protein of HAT complexes ([@b2-ol-0-0-9581]--[@b6-ol-0-0-9581]). ING5 is a cofactor of Tip60 for the acetylation of p53 at K120 in response to DNA damage ([@b7-ol-0-0-9581]). Previously, reduced ING5 expression was detected in pancreatic carcinoma cells transfected with a microRNA (miR)-196a precursor, accompanied by decreased apoptosis, increased invasion and proliferation compared with control cells ([@b8-ol-0-0-9581]). Additionally, low-level laser irradiation treatment was able to induce the pro-proliferation effects of miR-193 on bone mesenchymal stem cells, which is mediated via an ING5 inhibitor ([@b9-ol-0-0-9581]).

In the RKO colorectal cancer cell line, ING5 overexpression results in decreased colony-forming efficiency, decreased cell population in the S phase and p53-dependent apoptosis induction ([@b10-ol-0-0-9581],[@b11-ol-0-0-9581]). In a previous study, the loss of heterozygosity on the long arm of chromosome 2, where the *ING5* gene is located, was detected in 85% (33/39) of oral carcinoma cases. Reduced ING5 mRNA expression in 61% of oral squamous cell carcinoma cases with missense mutations located within the LZL finger and NCR domains of the ING5 protein has also been reported ([@b12-ol-0-0-9581]). In head and neck squamous cell carcinoma (HNSCC), nuclear ING5 may modulate the transactivation of target genes, and promote apoptosis and cell cycle arrest by interacting with p300 and p21 ([@b13-ol-0-0-9581],[@b14-ol-0-0-9581]). Additionally, two truncated fragments of ING5 (aa 1--184 and aa 107--226) are able to induce cellular senescence via the downregulated expression of cyclin E and cyclin dependent kinase 2 ([@b13-ol-0-0-9581]). Reduced nuclear expression and cytoplasmic translocation of ING5 was observed in HNSCC, gastric and colorectal carcinoma tumorigenesis ([@b14-ol-0-0-9581]--[@b16-ol-0-0-9581]).

Identification of tissues or cell types which express ING5 will contribute towards the elucidation of its physiological function. Additionally, the clarification of the expression pattern of ING5 and heterogeneity between tumor cases will contribute to the development of target gene therapy and conditional animal knockout models of ING5. In the present study, an intermittent microwave irradiation for immunohistochemistry of ING5 was employed, where the microwave irradiation causes minute vibrations (\>2.4 billion times/sec) and increases the probability of specific antibody-antigen reactions ([@b17-ol-0-0-9581]). The expression profiling of ING5 protein has been investigated in normal mouse and human tissues, as well as in human cancer tissues.

Materials and methods
=====================

### Amino acid sequence alignment

Amino acid sequences of human and mouse ING5 were obtained from GenBank ([@b18-ol-0-0-9581]), including their isoforms. These sequences were aligned using Genetyx 7 from Genetyx Corporation (Tokyo, Japan).

### Tissue specimens and tissue microarray

Written informed consent was obtained for the use of tumor tissues (n=986) for clinical research, and ethical approval was obtained from the Ethical and Animal Experimentation committees at Jinzhou Medical University (Jinzhou, China).

C57BL/6 mice (3 males and 3 females; 8 weeks old) were purchased from Beijing HFK Bioscience Co., Ltd. (Beijing, China) and housed in pathogen-free conditions in a temperature-controlled animal room with a 12-h light/dark illumination cycle. All had *ad libitum* access to standard rodent food and water. They were sacrificed under sodium pentobarbital anesthesia, and the resected samples included brain, heart, liver, spleen, lung, kidney, breast, stomach and intestine. All tissues were fixed in 10% neutral formalin, embedded in paraffin and cut into 4 mm sections. The tissue arrays of human normal tissues (cerebrum, cerebellum, brain stem, aorta, tongue, thyroid, esophagus, stomach, intestine, liver, pancreas, lung, trachea, appendix, smooth muscle, skeletal muscle, heart, testis, bladder and prostate) and cancer tissues \[hepatocellular carcinoma (n=62), renal clear cell carcinoma (n=62), pancreatic carcinoma (n=62), esophageal squamous cell carcinoma (n=45) and cervical squamous cell carcinoma (n=31)\] were purchased from Shanghai Outdo Biotech Co., Ltd (Shanghai, China). The human cervix, endometrium, ovary and breast tissues were obtained from surgical samples in The First Affiliated Hospital of Jinzhou Medical University (Jinzhou, China). Breast (n=144), gastric (n=196), colorectal (n=96), endometrial (n=96) and lung carcinoma (n=192) tissues were also collected from The First Affiliated Hospital of Jinzhou Medical University. Dissected and collected specimens from The First Affiliated Hospital of Jinzhou Medical University were subjected to routine preparation of formalin (10%)-fixed (room temperature for 48 h) and paraffine-embedded tissue block, and the performance of tissue microarray using tissue microarrayer (KIN-1; Azumaya Co., Ltd., Warabi, Japan). None of the patients with cancer underwent chemotherapy, radiotherapy or adjuvant treatment prior to surgical resection between January 1, 2008 and Dececember 30, 2015.

### Immunohistochemistry

Consecutive sections were dewaxed with xylene, rehydrated with graded alcohol (100, 90, 80, 70 and 60%) to water and subjected to antigen retrieval in a bioled target retrieval solution (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) in a microwave oven (Panasonic Corporation, Osaka, Japan) for 15 min at 100°C. Sections were subsequently blocked in 5% bovine serum albumin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 5 min to prevent non-specific antibody binding. The sections were incubated with a rabbit anti-ING5 antibody (dilution, 1:50; cat. no. 11560-1-AP; ProteinTech Group, Inc., Chicago, IL, USA) for 15 min at 37°C, followed by incubation with an anti-rabbit secondary antibody conjugated to horseradish peroxidase (1:100; cat no. P0399; Dako; Agilent Technologies, Inc.) for 15 min at 37°C. All of the incubations were performed at 37°C for 15 min in a microwave oven as previously described ([@b3-ol-0-0-9581]). Following each treatment, the slides were washed three times (1 min each) with TBST. Bound antibodies were visualized using 3,3′-diaminobenzidine. The sections were counterstained with Mayer\'s hematoxylin, dehydrated, cleared and mounted. Normal rabbit immunoglobulin G (1:100; cat no. 500-P00; PeproTech China, Suzhou, China) was used instead of the primary antibody as a negative control.

### Immunostaining

ING5 protein was observed under a light microscope (BX43; Olympus Corporation, Tokyo, Japan; ×200). Initially, a strong expression field was selected under low magnification, and 100 cells were randomly counted from five distinct and representative fields of each section blindly by 2 independent pathologists. The percentage of counted cells was scored as follows: Negative, 0--10% and positive, 11--100%.

### Statistical analysis

A χ^2^ test was performed to compare the positive rates of different groups. SPSS 10.0 software (SPSS, Inc., Chicago, IL, USA) was used for analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

As presented in [Fig. 2](#f2-ol-0-0-9581){ref-type="fig"}, the subcellular location of ING5 was cytoplasmic or nucleo-cytoplasmic in the mouse tissues with either a sporadic or local distribution. There was variation in ING5 expression among the different tissues. ING5 reactivity was detectable in the cytoplasm of neurons, the nephric tubule and glomerulus, alveolar epithelium, glands of the stomach and intestine, squamous epithelium of the skin and skeletal muscles. Furthermore, ING5 was also detected in the nucleus of the breast glandular epithelium ([Table I](#tI-ol-0-0-9581){ref-type="table"}).

In human tissues, the ING5 protein was principally distributed in the cytoplasm. ING5 expression was detected in the cytoplasm and nucleus in a number of tissue types, including the tongue, stomach, intestine, lung and breast ([Fig. 3](#f3-ol-0-0-9581){ref-type="fig"}). According to the density, strong immunoreactivity of ING5 was detected in the tongue, stomach and skin, whereas weak immunoreactivity was observed in the cerebellum, brain stem, thymus and skeletal muscle ([Table II](#tII-ol-0-0-9581){ref-type="table"}).

In total, ING5 expression was detected in 400/986 cancer tissues (40.6%), with a homogenous expression pattern ([Fig. 4](#f4-ol-0-0-9581){ref-type="fig"}; [Table III](#tIII-ol-0-0-9581){ref-type="table"}). In the majority of cases, ING5 expression was restricted to the cytoplasm of cancer cells. ING5 expression was also detected in the nucleus and cytoplasm of gastric, colorectal and lung cancer. Notably, ING5 was more frequently expressed in breast (79.9%, 115/144), colorectal (56.3%, 54/96) and endometrial cancer (50.0%, 48/96) compared with hepatocellular (14.5%, 9/62) and pancreatic cancer (22.6%, 14/62, P\<0.05).

Discussion
==========

ING5 is a member of the ING family and is involved in DNA repair, apoptotic induction, chromatin remodeling, cellular senescence and proliferative suppression ([@b1-ol-0-0-9581]--[@b3-ol-0-0-9581]). There is an NLS in the C-terminal of ING5, which mediates its nuclear import ([@b19-ol-0-0-9581]). In the present study, the expression profile and cellular localization of the ING5 protein were characterized in normal mouse and human tissues, as well as in human cancer tissues. ING5 expression was primarily detected in the cytoplasm of normal mouse and human tissues, and human cancer tissues. Additionally, ING5 expression was detected in the cytoplasm and nuclei of gastrointestinal glands, the squamous epithelium of the skin, tongue and breast tissue. These results indicate that the expression pattern of ING5 has cell-specific features, and ING5 has distinct functions in different types of cells.

The phosphorylation of ING1 by 14-3-3 family ([@b20-ol-0-0-9581]) or Src ([@b21-ol-0-0-9581]) is able to induce the cytoplasmic relocalization of ING1 for apoptotic induction. The degradation of ING3 by a cytoplasmic Skp1-cullin-F-box protein complex-mediated ubiquitin-proteasome system provides further evidence for the cytosolic localization of ING3 protein ([@b22-ol-0-0-9581]). Therefore, the authors of the present study hypothesize that the chemical modification of ING5 causes its relocalization to the cytoplasm.

Amino acid sequence alignment indicated a high similarity between human and mouse ING5 as they share \>90% identity of the amino acid sequence ([Fig. 1](#f1-ol-0-0-9581){ref-type="fig"}) ([@b18-ol-0-0-9581]). The present study identified no marked differences in the patterns of ING5 expression between mouse and human non-cancerous tissue samples. In human normal tissues, strong expression of ING5 was detected in in the tongue, stomach and skin. By contrast, weak expression was detected in the human cerebellum, brain stem, thymus and skeletal muscle tissues. These findings suggest the functional involvement of ING5 in specific cell types. Therefore, a conditional knockdown of ING5 will be performed using a cell-specific cre mouse in order to establish an ING5 knockout mouse model of cancer in the future.

ING5 protein has been reported to be able to inhibit cell growth, induce apoptosis and remodel chromatin by interacting with p53 and EP300/p300 ([@b1-ol-0-0-9581]--[@b3-ol-0-0-9581]). Therefore, ING5 overexpression was detectable in the tongue, skin and breast, which display a higher cell regeneration, compared with muscle and nerve tissue. ING5 is a candidate tumor suppressor gene, and its expression is downregulated in numerous types of tumors ([@b14-ol-0-0-9581],[@b15-ol-0-0-9581]). In the present study, the investigation focused on epithelial tumors and demonstrated that there is a high incidence of ING5 expression in gynecological cancer types, including endometrial and cervical cancer. This indicates that ING5 protein may be involved in estrogen production or regulated by estrogen. Notably, the highest level of cytoplasmic ING5 expression was detected in colorectal cancers, suggesting that cytoplasmic IN5 expression may be closely associated with colorectal carcinogenesis.

In a previous study conducted by the authors, nucleo-cytoplasmic translocation of ING5 occurred during colorectal carcinogenesis. Additionally, cytoplasmic ING5 expression was positively correlated with depth of invasion, lymphatic invasion, and TNM staging of colorectal cancer, while the inverse was true for nuclear ING5 expression ([@b15-ol-0-0-9581]). In the present study, the positive rate of ING5 protein was 56.3% in colorectal cancer, but hepatocellular and pancreatic cancer exhibited lower ING5 expression at a lower positive rate (\<25%). This would significantly facilitate the identification of cancer patients who may potentially benefit from an ING5-targeted therapy. Together with these findings, the profiling of ING5 expression can be helpful to clarify the role of ING5 in proliferation and apoptosis of various types of epithelial cancer. In the present study, ING5 protein was detected in the cytoplasm of cancer cells, which was contrary to the results of other previous reports ([@b14-ol-0-0-9581]--[@b16-ol-0-0-9581]). This discrepancy in the findings may be attributed to the use of distinct sampling and fixation methods.

In summary, the present study examined ING5 expression patterns in normal mouse and human tissues, as well as in human cancer tissues. The differential expression and/or subcellular location of ING5 in various types of tissues and cells were also analyzed. ING5 expression may affect cell regeneration and be closely associated with colorectal carcinogenesis.
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![Schematic diagram of the human and mouse isoforms of ING5. aa, amino acid; ING5, inhibitor of growth family 5; LZL, leucine zipper like; NCR, novel conserved region; NLS, nuclear localization signal; PHD, plant homeodomain.](ol-17-01-0063-g00){#f1-ol-0-0-9581}

![ING5 protein expression in normal mouse tissues (magnification, ×200). (A) Stomach, (B) intestine, (C) kidney, (D) brain, (E) kidney, (F) breast, (G) heart, (H) lungs and bronchial tissues. ING5, inhibitor of growth family 5.](ol-17-01-0063-g01){#f2-ol-0-0-9581}

![Immunostaining of the ING5 protein in normal human tissues (magnification, ×200). (A) Stomach, (B) intestine, (C) bronchus, (D) lungs, (E) endometrium, (F) breast and (G) pancreatic tissues. ING5, inhibitor of growth family 5.](ol-17-01-0063-g02){#f3-ol-0-0-9581}

![ING5 expression in human cancer issues (magnification, ×200). (A) Gastric, (B) colorectal, (C) esophageal, (D) renal, (E) breast, (F) hepatocellular, (G) pancreatic, (H) lung, (I) endometrial and (J) cervical carcinoma. ING5, inhibitor of growth family 5.](ol-17-01-0063-g03){#f4-ol-0-0-9581}

###### 

Immunohistochemical analysis of ING5 in normal mouse tissues.

  Organ or tissue   Cell types                      Expression pattern
  ----------------- ------------------------------- --------------------
  Brain             Neuron                          --
  Heart             Sporadic                        \+
  Lung              Alveolar epithelium             --
  Kidney            Nephric tubule and glomerulus   --
  Stomach           Glandular epithelium            --
  Intestine         Glandular epithelium            --
  Spleen            Sporadic                        \+
  Skin              Squamous epithelium             --
  Muscle            Striated muscle cell            --
  Liver             Sporadic                        \+
  Breast            Glandular epithelium            --

+, presence; -, absence. ING5, inhibitor of growth family 5.

###### 

ING5 protein expression in normal human tissues.

                    ING5 expression   
  ----------------- ----------------- ----
  Cerebrum          --                \+
  Cerebellum        --                \+
  Brain stem        --                \+
  Thymus            --                \+
  Heart muscle      --                \+
  Aorta             --                \+
  Tongue            \+                \+
  Thyroid           --                \+
  Esophagus         --                \+
  Stomach           \+                \+
  Intestine         \+                \+
  Liver             --                \+
  Pancreas          --                \+
  Lung              \+                \+
  Trachea           --                \+
  Skin              --                \+
  Appendix          --                \+
  Smooth muscle     --                \+
  Skeletal muscle   --                \+
  Heart             --                \+
  Testis            --                \+
  Bladder           --                \+
  Prostate          --                \+
  Cervix            --                \+
  Endometrium       --                \+
  Ovary             --                \+
  Breast            \+                \+

+, presence; -, absence. ING5, inhibitor of growth family 5.

###### 

ING5 protein expression in human cancer tissues.

                                        ING5 expression   
  ------------------ ----- ----- ------ ----------------- ----
  Hepatocellular     62    9     14.5   --                \+
  Renal clear cell   62    20    32.3   --                \+
  Pancreatic         62    14    22.6   --                \+
  Esophageal         45    14    31.1   --                \+
  Cervical           31    13    41.9   --                \+
  Breast             144   115   79.9   --                \+
  Gastric            196   63    32.1   \+                \+
  Colorectal         96    54    56.3   \+                \+
  Endometrial        96    48    50.0   --                \+
  Lung               192   50    26.0   \+                \+

+, presence; -, absence. ING5, inhibitor of growth family 5.
